Introduction
Osteoarthritis of the knee is the commonest type of arthritis affecting the geriatric population.
New knowledge added by this study
• Our data support the use of the lateral-wedged insole with arch support and valgus knee brace in the management of medial compartment osteoarthritis of the knee; however, compliance with the valgus knee brace is fair. Gait analysis showed that both supports can reduce the knee adduction moment during walking.
Implications for clinical practice or policy
• Lateral-wedged insoles with arch support and valgus knee brace can be considered for patients with medial compartment osteoarthritis of the knee.
Conservative treatment with physiotherapy and analgesics provides temporary relief of symptoms, yet surgical intervention such as high tibial ORIGINAL ARTICLE subtalar strap) did not produce significant benefit when compared with the lateral-wedged insole alone.
The valgus knee brace with lateral-wedged insole with arch support group demonstrated an additive effect with a statistically significant reduction in WOMAC total score (-26.7%, P=0.01). Compliance with treatment for the isolated insole groups were all over 90%, but compliance for the valgus knee brace-associated groups was only around 50%. Gait analysis indicated statistically significant reductions in peak and mean knee adduction moments in all orthotic groups when compared with a flat insole.
Conclusions:
These results support the use of orthotic treatment for early medial compartment knee osteoarthritis. The medial compartment is more commonly affected than the lateral compartment in osteoarthritis (67% and 17%, respectively). 3 Varus alignment of the lower limbs increases the risk of incident knee osteoarthritis and also increases the risk of disease progression in patients with osteoarthritis. 4 Apart from static lower limb alignment, dynamic varus thrust during the gait cycle is also independently associated with osteoarthritis progression in the knee. 5 Knee adduction moment (KAM) is an indirect means to assess varus thrust during the gait cycle. Previous studies have proven the validity of KAM for prediction of clinical and radiological osteoarthritis progression. 6 Orthotic treatment can alter loading to the knee in the hope of reducing symptoms and disease progression. Biomechanical studies have demonstrated a small effect size in reduction of KAM with a valgus knee brace [7] [8] [9] [10] and lateral-wedged insoles. [11] [12] [13] [14] This study is the first to sequentially evaluate the clinical outcomes and gait analyses of different orthotic treatments in Chinese patients with medial compartment osteoarthritis.
矯形治療對於內側膝退化性關節炎華籍患者的效 果：臨床結果和步態分析的前瞻性研究

Methods
Patients
From December 2010 to November 2011, 18 patients with isolated medial osteoarthritis of the knee were referred by orthopaedic surgeons to the Department of Prosthetics and Orthotics at Queen Mary Hospital for orthotic treatment.
The inclusion criteria were age older than 50 years and a diagnosis of osteoarthritis according to the American College of Rheumatology criteria. 15 The predominant symptom needed to be medial knee pain. Radiographical features needed to include varus knee alignment and osteoarthritis of Kellgren-Lawrence grade 2 or above over the medial compartment. 16 Our study population comprised patients with isolated medial compartment osteoarthritis, while patients with predominant lateral compartment or patellofemoral joint symptoms or those with radiographical features of osteoarthritis of Kellgren-Lawrence grade 2 or above over the lateral compartment or patellofemoral joint were excluded.
Patients with previous knee surgery, fixed flexion deformity of >10°, hip or ankle pathology, required a walking aid, or had morbid obesity (body mass index, >40 kg/m 2 ), a dermatological condition, or peripheral vascular disease were also excluded.
This was a non-randomised prospective cohort study with a cross-over design. All 10 patients were sequentially treated with a flat insole (FI), lateralwedged insole (LW), lateral-wedged insole with subtalar strap (LW+SS), lateral-wedged insole with arch support (LWAS), valgus knee brace (VKB), and valgus knee brace with lateral-wedged insole with arch support (VKB+LWAS). The FI group acted as a control during gait analysis to mimic normal walking. The designs of the orthotics are shown in Figure 1 . The insoles were custom-made in the Department of Prosthetics and Orthotics at Queen Mary Hospital, while the Unloader valgus knee braces (Össur hf, Reykjavik, Iceland) were ordered for each patient after measurement. Each of the orthotic treatments was prescribed for 4 weeks and each patient underwent 24 weeks of treatment to use all six orthotics.
For subjective clinical outcomes, pain scores using the visual analogue scale (VAS) and version 3.1 of the Chinese-validated Western Ontario and McMaster Universities Arthritis Index (WOMAC) were measured. The VAS, with a scale from 0 to 10, was used purely for pain severity. The WOMAC score was ascertained by a self-administered questionnaire consisting of 24 items and subdivided into three categories: pain (5 items items). Analgesic use (number of times required per week) was also compared. Pretreatment and interval assessments were completed after each orthotic treatment. Paired t test was used for analysis.
Gait analysis
Three-dimensional gait analyses were performed for each patient both before and during use of each orthotic treatment at the gait laboratory at the Duchess of Kent Children's Hospital, Hong Kong, which is an affiliated hospital within the same cluster as Queen Mary Hospital. Fifteen retro-reflective markers were placed according to the Plug in Gait model (Vicon Industries, Inc, Edgewood [NY], US) as shown in Figure 2 . The markers were placed at the bilateral anterior superior iliac spines, midway between the posterior superior iliac spine, lateral epicondyle of the knee, lateral lower third of the thigh, lateral malleolus, lower third of the shin, second metatarsal head, and calcaneus at the level of the second metatarsal head. Three-dimensional positions of the markers and kinematic data were collected by six cameras using the 370 motion analysis system (Vicon Industries, Inc) at a sampling frequency of 60 Hz. Kinetic data were collected using the 370 motion analysis system synchronised with a multicomponent force platform (Kistler, Winterthur, Switzerland) at 60 Hz.
Peak and mean KAMs during the stance phase of the gait cycle were measured. Mechanical alignment throughout the gait cycle was derived from the hip centre, knee centre, and ankle centre from the retro-reflective markers. After data collection from the gait analysis laboratory, data were analysed jointly by orthopaedic surgeons and prosthetic and orthotic specialists who had a 
Results
Eighteen patients (36 knees) were initially recruited into our study. Nineteen knees of 10 patients completed the study, and the remaining eight patients withdrew for personal reasons. Of the 10 patients, nine had bilateral disease and one had unilateral disease. Ten knees were right knees and nine were left knees. There were six women and four men. The mean age of the patients was 56 years (range, 51-65 years). The pretreatment motion arc ranged from 65° to 140° (mean, 122°).
The changes in mean WOMAC and VAS scores for various orthotic treatments and their comparison with pretreatment scores are shown in Table 1 . The results of mean and peak KAMs throughout the gait cycle with different orthotics are shown in Figure  3a . The mean and peak KAMs for each orthotic are shown in Tables 2 and 3 , respectively. Figure 3b shows the knee mechanical alignment derived from the hip centre, knee centre, and ankle centre. The initial 65% of the gait cycle represents the stance phase and the later 35% is the swing phase. Compliance with the orthotic treatments is shown in Figure 4 .
The LW group demonstrated a significant reduction of 19.1% in the WOMAC pain score (P=0.04). Reductions in total and other WOMAC subscale scores, VAS score, and analgesic requirement were observed, but none were statistically significant. Mean and peak KAMs were reduced by 18.1% and 13.1% (P<0.05), respectively, when compared with the FI group. The compliance rate was 94.7% of total walking time.
With the addition of subtalar strapping in the hope of increasing the effectiveness of the lateral wedge, the LW+SS group demonstrated a greater reduction of peak KAM (18.8%), but a smaller degree of reduction in mean KAM (17.6%) [P<0.05]. The net effect of LW+SS did not confer any statistically significant reduction in VAS score, WOMAC score, or analgesic requirement when compared with the pretreatment scores. The compliance rate for the LW+SS group was 94.7% of total walking time.
The LWAS group demonstrated statistically significant reduction in VAS score of 24.1% (P=0.004) and WOMAC pain score of 18.2% (P=0.04). Mean and peak KAMs were also significantly reduced by 9.7% and 13.7%, respectively (P<0.05). The degree of reduction in VAS score was greatest in Abbreviations: FI = flat insole; KAM = knee adduction moment; LW = lateral-wedged insole; LWAS = lateral-wedged insole with arch support; SS = subtalar strap; VKB = valgus knee brace Abbreviations: FI = flat insole; KAM = knee adduction moment; LW = lateral-wedged insole; LWAS = lateral-wedged insole with arch support; SS = subtalar strap; VKB = valgus knee brace Figure 3b , all the insole groups (LW, LW+SS, and LWAS) showed lower varus angle throughout the stance phase. The stance phase is the symptomatic phase when the knee is under loading.
The VKB group showed a statistically significant reduction in VAS score and WOMAC pain score of 15.5% (P=0.04) and 20.4% (P=0.02), respectively. The WOMAC total score and other subscale scores showed some reductions, but these were not statistically significant. The analgesic requirement was also significantly reduced from 1.5 days/week pretreatment to 0.5 days/week posttreatment (P=0.04). Mean and peak KAMs were reduced by 15.5% and 18.9%, respectively (P<0.05). Mechanical alignment, as seen in Figure 3b , showed reduced varus angulation during the early stance phase. The interval between 15% and 20% of the gait cycle, representing the heel strike to mid-stance phase, was shown to have reduced the varus angle when compared with baseline. The varus angle remained constant throughout the stance phase, which was related to restricted motion of the knee inside the brace. Compliance was significantly lower than that for any of the insole groups at 54.5% of the total walking time. The low compliance rate was likely due to the bulky size of the valgus knee brace causing skin discomfort, especially in the hot and humid climate in this region.
The LWAS seemed to be the best insole treatment for pain relief and improvement in VAS score, so we further evaluated the combination effects of the VKB and LWAS treatments. Additive effects were observed with combined treatment. The VKB+LWAS group showed significant reductions in VAS score, as well as WOMAC total and all subscale scores. Score of VAS reduced by 22.4% (P=0.004), WOMAC pain score reduced by 29.4% (P=0.001), WOMAC stiffness score reduced by 18.8% (P=0.02), WOMAC activities of daily living score reduced by 26.4% (P=0.002), and WOMAC total score reduced by 26.7% (P=0.001). The extent of reduction in the WOMAC total and subscale scores for this group was the greatest of the treatment groups. The analgesic requirement was also significantly reduced from 1.5 days/week pretreatment to 0.6 days/week posttreatment (P=0.04). Peak KAM showed the greatest reduction of all the orthotic groups of 21.0%, while mean KAM showed moderate reduction of 16.3% (P<0.05). With regard to the mechanical alignment, reduction in varus angle was observed in the early stance phase, as in the isolated VKB group. The compliance, as expected, was lowest among all the treatment arms with only 49.1% of total walking time.
Discussion
The current literature recommendations for orthotic treatment for medial compartment knee osteoarthritis are still varied. In a guideline by the Osteoarthritis Research Society International (OARSI), insoles were concluded to be of benefit to reduce pain and improve ambulation in knee osteoarthritis. 17 However, in another guideline by the American Academy of Orthopaedic Surgeons (AAOS), it was concluded that lateral-wedged insoles could not be suggested for patients with symptomatic osteoarthritis.
18
Lateral-wedged insoles have been shown to correct the femorotibial angle 19 and reduce the peak external KAM. 12,20 Toda et al 21 were able to demonstrate a dose-response correction of the femorotibial angle using insoles with different elevations. The effect on subjective scores showed significant improvements in some, 22 but not all studies. 23, 24 Two randomised controlled trials by Maillefert et al 23 and Baker et al 24 did not show statistically significant changes in WOMAC scores with lateral-wedged insoles, although there was a significant reduction in non-steroidal antiinflammatory drug intake in the insole group.
Our results showed reduction in WOMAC pain score with LW and LWAS, but more importantly, a greater percentage reduction in VAS score with LWAS. Addition of subtalar strapping to lateral-wedged insoles was shown in other studies to improve VAS scores, and decrease the femorotibial angle 25 and peak KAM 26 when compared with a lateral-wedged insole alone. The potential drawbacks of subtalar strapping include increased sole pain. 27 The results from our study did not demonstrate the additional benefit with subtalar strapping in terms of WOMAC score or mean KAM. With a significantly greater reduction in VAS with LWAS than LW (24.1% vs 10.3%) and a high compliance rate, we believe LWAS is the insole of choice and can be offered to patients with early isolated medial compartment knee osteoarthritis.
Knee bracing acts by inducing a valgus force by the three-point bending principle. The OARSI guideline suggests that knee bracing could reduce pain, improve stability, and reduce the risk of fall in patients with mild-to-moderate osteoarthritis or valgus instability. 17 However, the guideline from the AAOS could not conclude for or against the use of valgus-directed bracing. 18 Advantages of knee bracing include avoidance of surgery and the potential surgical complications, while the disadvantages include compliance and the cost of manufacturing the brace. 28 A randomised controlled trial by Brouwer et al 29 compared three treatment groups of valgus knee brace plus medical treatment, insole plus medical treatment, and medical treatment alone. The brace plus medical treatment was shown to have borderline benefit compared to medical treatment alone in terms of pain score and function. 29 These findings concur with our study result of improved WOMAC pain subscale score and reduced analgesic requirement with valgus knee brace when compared to pretreatment scores. From the kinetics perspective, Pollo et al 7 were able to demonstrate reduction in net external KAM by 13%. Our gait analysis model was able to reproduce reduction in mean KAM by 18.9%. Despite the potential benefits from valgus knee brace, compliance remains a major drawback. With a compliance rate of 54.5%, many of our patients claimed that they did not wear the braces outdoors due to skin discomfort in the hot and humid climate. Our evidence would suggest valgus knee brace is suitable for selected patients with mild knee osteoarthritis, with consideration of the problem with fitting and compliance.
Our current study was among the few to evaluate the effects of combination orthotic treatment with valgus knee brace and lateralwedged insole with arch support. The VKB+LWAS group was the only one to demonstrate significant reductions in WOMAC total and all subscale scores, analgesic use, and KAM when compared with pretreatment. These results further reiterate the dose-response relationship in reducing KAM to achieve improvement in objective knee scores. Despite these findings, the poor compliance rate would render this orthotic treatment less advisable.
Limitations
Limitations of our study included a small sample size, selection bias, self-selection bias, and a short follow-up period. Similar studies of less than 20 patients are seen in many studies of gait analysis. [30] [31] [32] A larger sample size would provide a higher power to determine the statistical significance in more of the evaluated parameters. Compliance with orthotic treatment, in particular with the valgus knee brace, was another concern. Confounding factors in our study included the frequency of weight-bearing activities, which could be difficult to quantify. This was a cross-over study, with all patients having to be treated sequentially with all six orthotic combinations. The advantages are an economy of sample size without the need to account for heterogeneity of the patient groups. The disadvantages of the design include lack of a treatment break and lack of randomisation in the treatment sequence. Scores of VAS reported by elderly people may also be inaccurate.
Conclusions
Knee osteoarthritis continues to pose a significant burden to our community with its ageing population and increased incidence of obesity. While operative treatments are not without risk, orthotic treatment also has its advantages and disadvantages. Our current study was able to demonstrate from subjective scores and gait analysis that orthotic treatment can alter knee loading and alleviate symptoms. The lateral-wedged insole with arch support is optimal, while valgus knee brace is equally effective, with fair compliance. Further studies with a larger sample size are required to evaluate the effectiveness in the long term.
